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The title half-sandwich rhodium(III) complex, [Rh(Ci 0 H 15 )- 
(C 7 H 7 03S)2(H 2 0)] H 2 0, consists of a jr-bonded pentamethyl- 
cyclopentadienyl group, two er-bonded tosylate groups and an 
aqua ligand. The structure displays both inter- and intra- 
molecular O— H- ■ O hydrogen bonding. The intermolecular 
hydrogen bonding results in an extended helical chain along a 
2j screw axis parallel to c, due to hydrogen bonding from the 
coordinating water ligand to the lattice water molecule and 
then to a sulfonate O atom of a different asymmetric unit. 

Related literature 

Synthesis details are given in Boyer et al. (1996). For the 
structure of another pentamethylcyclopentadienylmetal bis- 
tosylate (CCDC: 821138), see: Zaitsev et al. (2008). For the 
characterization of other aquo compounds, see: Bergmeister et 
al. (1990; CCDC: 601561) and Luo et al. (1990; CCDC: 
595047). A survey of the geometry and environment of water 
molecules in crystalline hydrates studied by neutron diffrac- 
tion can be found in in Ferraris & Franchini-Angela (1972). 




H 3 C 

Experimental 

Crystal data 

[Rh(C 10 H 15 )(C 7 H 7 O 3 S) 2 - 

(H 2 0)]H 2 0 
M, = 616.53 
Orthorhombic, Pbcn 
a = 23.550 (8) A 
b = 18.814 (7) A 
c = 12.114 (5) A 

Data collection 

Siemens P4 diffractometer 
Absorption correction: \fr scan 
(North etal., 1968) 
Tnin = 0.00, r max = 0.881 
4738 measured reflections 

Refinement 

R[F 2 > 2a(F 2 )] = 0.038 

wR(F 2 ) = 0.086 

S = 1.03 

4738 reflections 

340 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 5367 (3) A 3 
Z = 8 

Mo Ka radiation 
li = 0.84 mm -1 
T = 295 K 
0.4 x 0.4 x 0.4 mm 



4738 independent reflections 
3297 reflections with / > 2a(I) 
3 standard reflections every 200 
reflections 
intensity decay: 0(1) 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.38 e A~ 3 

A/Jmin = -0.29 e A~ 3 



D — 


H- ■ A 




D-H 


H- ■ A 


D- ■ A 


D-H- - A 


07 


-H7A- 


■OS 


0.85 (5) 


1.99 (6) 


2.608 (6) 


128 (5) 


07 


-H7/J- ■ 


■03 


1.11 (8) 


1.64 (8) 


2.647 (5) 


147 (7) 


OS- 


-H8/J- 


■02' 


0.77 (8) 


2.06 (8) 


2.807 (6) 


162 (8) 


OS- 


-H8£- ■ 


■05 


0.88 (6) 


1.91 (6) 


2.766 (7) 


162 (6) 



Symmetry code: (i) — x - 



Data collection: XSCANS (Siemens, 1994); cell refinement: 
XSCANS; data reduction: XSCANS; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: OLEX2 
(Dolomanov et al, 2009); software used to prepare material for 
publication: OLEX2. 
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Acta Cryst. (2013). E69, m259-m260 [doi:10.1107/S160053681300860X] 

Aquabis(4-methylbenzenesulfonato-ft-0)(i/ 5 -pentamethylcyclo- 
pentadienyl)rhodium(lll) monohydrate 

Christopher P. Roy, Pauline M. Boyer and Joseph S. Merola 

Comment 

The title compound adds to the body of organometallic compounds with water as a ligand. The empirically discovered 
requirement that water attached to metals must also be hydrogen-bonded either intermolecularly or intramolecularly still 
holds with this complex where the bonded water is H-bonded both intramolecularly to a sulfate oxygen and 
intermolecularly to a lattice water molecule. The hydrogen bonding creates a helical motif that runs parallel to the c-axis. 

Experimental 

The title compound was prepared in a manner analogous to our previously reported carboxylate compounds using 
[(C 5 Me 5 )RhCl 2 ]2 and silver tosylate. (Boyer et al, 1996). 

Refinement 

1. Fixed [/isoAt 1.2 times of: H23 of C23, H13 of C13, H12 of C12, H19 of C19, H15 of C15, H16 of C16, H22 of C22, 
H20 of C20 At 1.5 times of: {H6A,H6B,H6C} of C6, {H17A,H17B,H17C} of C17, {H24A,H24B,H24C} of C24, {H8A, 
H8B,H8C} ofC8, {H7C,H7D,H7E} ofC7, {H9A,H9B,H9C} ofC9, {H10A,H10B,H10C} of CIO 2. a Aromatic/amide H 
refined with riding coordinates: C12(H12), C13(H13), C15(H15), C16(H16), C19(H19), C20(H20), C22(H22), C23(H23) 

2. b Idealized Me refined as rotating group: C6(H6A,H6B,H6C), C7(H7C,H7D,H7E), C8(H8A,H8B,H8C), 
C9(H9A,H9B,H9C), C10(H10A, H10B,H10C), C17(H17A,H17B,H17C), C24(H24A,H24B,H24C) 

Computing details 

Data collection: XSCANS (Siemens, 1994); cell refinement: XSCANS (Siemens, 1994); data reduction: XSCANS 
(Siemens, 1994); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: OLEX2 (Dolomanov et al, 2009); software used to prepare material 
for publication: OLEX2 (Dolomanov et al, 2009). 
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Figure 2 

A view of the hydrogen-bonded helical chain that propagates parallel to the c-axis. 



Aquabis(4-methylbenzenesulfonato-R-0)(i/ 5 -pentamethylcyclopentadienyl)rhotlium(lll) monohydrate 



Crystal data 

[Rh(C 1 oH 15 )(C 7 H 7 03S)2(H 2 0)]-H 2 0 

M r = 616.53 

Orthorhombic, Pbcn 

a = 23.550 (8) A 

b= 18.814 (7) A 

c= 12.114(5] l A 

F= 5367 (3) A 3 

Z=8 

7^(000) = 2544 
Data collection 

Siemens P4 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
profile data from 9/28 scans 
Absorption correction: y/ scan 

(North et al, 1968) 
7^ = 0.00,7^ = 0.881 
4738 measured reflections 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F > 2a(F 2 )] = 0.038 

wRiF 2 ) = 0.086 

S = 1.03 

4738 reflections 

340 parameters 

1 restraint 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



D x = 1.526 MgirT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 50 reflections 

(9 = 2-25° 

[i = 0.84 mm" 1 

T=295 K 

Prism, clear orange 

0.4 x 0.4 x 0.4 mm 



4738 independent reflections 
3297 reflections with 7 > 2a(T) 
R mt = 0.0000 

^max 25.0 , $ m i n 2.2 

h = 0^28 
k= -22-+0 
/ = 0->14 

3 standard reflections every 200 reflections 
intensity decay: 0(1) 



Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = ll[a\F 0 2 ) + (0.0322P) 2 + 3.4175P] 

where P = (F 0 2 + 2F, 2 )/3 
(A/<r) max = 0.001 
Ay9 max = 0.38eA- 3 
Ap mm = -0.29 e A" 3 

Extinction correction: SHELXL97 (Sheldrick, 

2008), Fc*=kFc[l+0.001xFc 2 l 3 /sin(2<9)]- 1/4 
Extinction coefficient: 0.00052 (6) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F 2 , 
conventional 7?-factors 7? are based on F, with F set to zero for negative F 2 , The threshold expression of F 2 > a{F 1 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on F 2 
are statistically about twice as large as those based on F, and 7?- factors based on ALL data will be even larger. 



Acta Cryst. (2013). E69, m259-m260 



sup-3 



supplementary materials 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TJ. */77 

^iso ' ^eq 


Rhl 


0.666388 (12) 


0.645607 (15) 


0.50870 (2) 


0.03433 (11) 


SI 


0.65268 (5) 


0.82532 (6) 


0.52292 (9) 


0.0465 (3) 


S2 


0.62414 (6) 


0.60927 (6) 


0.25074 (9) 


0.0538 (3) 


01 


0.62955 (11) 


0.75207 (14) 


0.5237 (2) 


0.0451 (7) 


02 


0.63499 (15) 


0.86471 (18) 


0.6196 (3) 


0.0677 (10) 


03 


0.71402(13) 


0.82661 (17) 


0.5072 (3) 


0.0635 (9) 


04 


0.63324(16) 


0.65843 (16) 


0.3441 (2) 


0.0660 (10) 


05 


0.67723 (16) 


0.57892 (19) 


0.2134 (3) 


0.0802(11) 


06 


0.58036(17) 


0.55830 (19) 


0.2723 (3) 


0.0822(11) 


07 


0.74332 (15) 


0.6962 (2) 


0.4484 (3) 


0.0604 (9) 


H7A 


0.736 (2) 


0.681 (3) 


0.384 (5) 


0.09 (2)* 


H7B 


0.730 (3) 


0.753 (4) 


0.442 (6) 


0.17(3)* 


08 


0.7836 (2) 


0.6195 (3) 


0.2870 (4) 


0.0896 (15) 


H8D 


0.802 (3) 


0.632 (4) 


0.238 (6) 


0.13 (3)* 


H8E 


0.754 (3) 


0.602 (3) 


0.252 (5) 


0.09 (2)* 


CI 


0.6733 (2) 


0.5351 (2) 


0.5370 (3) 


0.0510(12) 


C2 


0.71567 (19) 


0.5703 (2) 


0.5983 (4) 


0.0505 (11) 


C3 


0.68878 (19) 


0.6193 (2) 


0.6720 (3) 


0.0470(11) 


C4 


0.62904(18) 


0.6102 (2) 


0.6596 (3) 


0.0482(11) 


C5 


0.6187 (2) 


0.5592 (2) 


0.5754 (4) 


0.0512(12) 


C6 


0.6836 (3) 


0.4784 (3) 


0.4526 (4) 


0.097 (2) 


H6A 


0.7128 


0.4937 


0.4027 


0.146* 


H6B 


0.6493 


0.4697 


0.4122 


0.146* 


H6C 


0.6954 


0.4355 


0.4889 


0.146* 


C7 


0.7786 (2) 


0.5599 (4) 


0.5867 (5) 


0.097 (2) 


H7C 


0.7981 


0.6007 


0.6154 


0.145* 


H7D 


0.7879 


0.5539 


0.5101 


0.145* 


H7E 


0.7899 


0.5183 


0.6271 


0.145* 


C8 


0.7184 (3) 


0.6679 (3) 


0.7509 (4) 


0.0870 (19) 


H8A 


0.7038 


0.7153 


0.7424 


0.130* 


H8B 


0.7584 


0.6677 


0.7358 


0.130* 


H8C 


0.7119 


0.6520 


0.8251 


0.130* 


C9 


0.5840 (3) 


0.6498 (3) 


0.7230 (5) 


0.098 (2) 


H9A 


0.5486 


0.6468 


0.6841 


0.147* 


H9B 


0.5950 


0.6987 


0.7303 


0.147* 


H9C 


0.5799 


0.6290 


0.7949 


0.147* 


CIO 


0.5612(2) 


0.5339 (3) 


0.5388 (5) 


0.091 (2) 


H10A 


0.5641 


0.5131 


0.4666 


0.136* 


H10B 


0.5354 


0.5733 


0.5366 


0.136* 


H10C 


0.5474 


0.4989 


0.5899 


0.136* 


Cll 


0.62207 (17) 


0.8673 (2) 


0.4062 (3) 


0.0427 (10) 


C12 


0.6297 (2) 


0.9397 (2) 


0.3923 (4) 


0.0576 (12) 


H12 


0.6498 


0.9656 


0.4446 


0.069* 


C13 


0.6074 (2) 


0.9732 (3) 


0.3013 (4) 


0.0639 (14) 


H13 


0.6128 


1.0219 


0.2931 


0.077* 


C14 


0.5773 (2) 


0.9366 (3) 


0.2217(4) 


0.0554 (12) 


C15 


0.5711 (2) 


0.8643 (2) 


0.2361 (4) 


0.0571 (12) 
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TT1 C 

H15 


0.5512 


A 0101 

0.8383 


A 1 Ol A 

0.1834 


A AzTO sts 

0.068* 




C16 


A CAT /I A\ 

0.59347 (19) 


A OOAO ZO\ 

0.8292 (2) 


0.3267 (4) 


A AT 1 A / 1 1 \ 

0.0510 (11) 




Hlo 


0.5892 


A 70A1 

0. /802 


0.3338 


0.061* 




CI / 


0.5522 (2) 


0.9 /35 (3) 


A m£ / A\ 

0.1226 (4) 


A AOO A / 1 0\ 

0.0834 (18) 




TT1 T * 

H17A 


A CH C A 

0.5754 


0.9641 


A AC OA 

0.0589 


0.125* 




T T 1 -7 r> 
HI /D 


0.5509 


1 AO 1 O 

1.0235 


A 1 TCO 

0.1358 


0. 125* 




T T 1 

H17C 


0.5145 


A f\C /" 1 

0.9561 


A 1 AAO 

0.1098 


A 1 O C A 

0.125* 




flO 

C18 


a caaao /in\ 

o.3990z (iyj 


O.oooO (2) 


A 1 A 1H /"5 A 
U.143 / (3) 


0.04/_> (11) 






u.ojoj / (iyj 


0. /094 (5) 


A AQO"l i A\ 
U.US / 1 (4) 


A AC/I 1 i \ OA 

U.UD43 (Iz) 




tti a 

H19 


0.6749 


A 1 A O A 

0.7080 


0.1035 


0.065* 




C20 


A £ 1 £/l /OA 

0.6164 (2) 


A H ZAQ {1\ 
U. /j45 (3) 


A AA/^1 t A\ 
0.0061 (4) 


a ncm /1 o\ 
U.LD91 (Iz) 




T TO A 

H20 


0.6419 


0.7834 


A AIT) 

-0.0323 


A AT 1 sfc 

0.071* 




C21 


U.DDyU (z) 


U. /3B0 (3) 


A A 1 OA / A\ 

— 0.0189 (4) 


A ACQ/1 (W 1\ 

0.0554 (12) 




C22 


A COOT /T\ 

0.5227 (2) 


0.7139 (3) 


A AO "7 A / A \ 

0.0370 (4) 


0.0575 (13) 




H22 


0.4842 


0.7148 


0.0200 


0.069* 






U.J^ZUZ { Ly J 


U.OO / J ^Z J 


ft 1 1 OA rf"l\ 


n o n 9** 




H23 


0.5167 


0.6379 


0.1553 


0.062* 




C24 


0.5368 (3) 


0.8104 (3) 


-0.1051 (4) 


0.0871 (19) 




H24A 


0.5559 


0.8024 


-0.1739 


0.131* 




H24B 


0.5437 


0.8583 


-0.0809 


0.131* 




H24C 


0.4967 


0.8034 


-0.1147 


0.131* 




Atomic displacement parameters (A 2 ) 




U n U 22 




U 12 




jjii 


Rhl 


0.03743 (17) 0.03487 (17) 0.03068 (16) 


0.00144 (14) 


-0.00110(14) 


0.00030 (14) 


SI 


0.0509 (6) 0.0401 (5) 


0.0485 (6) 


0.0032 (5) 


-0.0098 (5) 


-0.0090 (5) 


S2 


0.0766 (8) 0.0486 (7) 


0.0362 (6) 


0.0044 (6) 


-0.0117(6) 


-0.0066 (5) 


01 


0.0436 (16) 0.0396 (16) 


0.0522 (17) 


0.0031 (12) 


-0.0028 (13) 


0.0010(13) 


02 


0.092 (3) 0.060 (2) 


0.0503 (18) 


0.0172(19) 


-0.0182(18) 


-0.0173 (16) 


03 


0.0477 (17) 0.0533 (18) 


0.090 (2) 


-0.0023 (15) 


-0.0137(18) 


-0.0075 (19) 


04 


0.113 (3) 0.049 (2) 


0.0358 (16) 


0.0138(19) 


-0.0241 (17) 


-0.0100(14) 


05 


0.097 (3) 0.080 (3) 


0.064 (2) 


0.035 (2) 


-0.008 (2) 


-0.0091 (19) 


06 


0.118 (3) 0.070(2) 


0.059 (2) 


-0.027 (2) 


-0.018 (2) 


0.0126(18) 


07 


0.054 (2) 0.055 (2) 


0.072 (2) 


-0.0047 (17) 


0.0159(19) 


0.0070 (19) 


08 


0.087(3) 0.119(4) 


0.063 (3) 


0.008 (3) 


0.025 (3) 


-0.002 (3) 


CI 


0.084 (4) 0.029 (2) 


0.040 (2) 


0.010(2) 


-0.006 (2) 


0.0060(17) 


C2 


0.051 (3) 0.054 (3) 


0.047 (2) 


0.009 (2) 


-0.007 (2) 


0.015 (2) 


C3 


0.058 (3) 0.049 (3) 


0.034 (2) 


-0.010 (2) 


-0.007 (2) 


0.0047 (19) 


C4 


0.051 (3) 0.053 (3) 


0.040 (2) 


0.004 (2) 


0.014 (2) 


0.014 (2) 


C5 


0.055 (3) 0.052 (3) 


0.047 (3) 


-0.015 (2) 


-0.011 (2) 


0.017 (2) 


C6 


0.184 (7) 0.049(3) 


0.058 (3) 


0.022 (4) 


-0.008 (4) 


-0.006 (3) 


C7 


0.059(4) 0.129(6) 


0.102 (5) 


0.037 (4) 


0.003 (3) 


0.030 (4) 


C8 


0.126(5) 0.081 (4) 


0.054 (3) 


-0.043 (4) 


-0.034 (3) 


0.008 (3) 


C9 


0.103(5) 0.116(5) 


0.075 (4) 


0.048 (4) 


0.046 (4) 


0.023 (4) 


CIO 


0.080 (4) 0.096 (4) 


0.097 (4) 


-0.043 (3) 


-0.039 (3) 


0.044 (4) 


Cll 


0.043 (2) 0.036 (2) 


0.049 (2) 


-0.0010(19) 


0.0031 (19) 


-0.0045 (19) 


C12 


0.062 (3) 0.047 (3) 


0.064 (3) 


-0.008 (2) 


-0.006 (2) 


-0.010(2) 


C13 


0.074 (4) 0.043 (3) 


0.074 (3) 


-0.002 (3) 


0.007 (3) 


0.014 (3) 


C14 


0.051 (3) 0.065 (3) 


0.050 (3) 


0.002 (3) 


0.008 (2) 


0.011 (2) 
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r • 1 r 

CI j 


O.Ooo (3J 


A AC7 /"2A 
O.Oj 1 (3) 


A A/1 O C1\ 

0.04V (3 ) 


A AA1 f1\ 
0.001 {2) 


A A 1 1 f1\ 

—0.011 {2) 


A AA1 {'~> \ 

—0.003 (2) 


Clo 


A AA1 f'~}\ 

0.063 (3) 


A A1 /I 

(J. 034 (2) 


A AC C /I \ 

O.Ojd (3) 


A AA1 /0\ 

—0.003 (2) 


A A 1 A ZO\ 

-0.010 (2) 


A AAO ZO\ 

—0.005 (2) 


CI / 


0.1)50 (4) 


A AA1 SA\ 

o.oyi (4) 


A AT2 Z/IA 

0.0/3 (4) 


—O.OOo (3J 


A AAA /1\ 

0.000 (3) 


A A1 A 

0.034 (3) 


PI Q 

Clo 


A ACO f1\ 

U.UjV (3 ) 


A Ad /"2\ 


A AOO /'OA 

o.ozy (z) 


A AAT /1\ 

O.OOz (2) 


A AAA /I 1 * 

—O.OOo (zj 


A AAAA /1 OA 

— O.OOoo (1^) 


no 


0 04^ 




0 047 (1\ 


—0 oo? f?^, 


-0 006 (7\ 


—0 004 0\ 


C20 


0.065 (3) 


0.069 (3) 


0.043 (3) 


-0.008 (2) 


-0.002 (2) 


0.004 (2) 


C21 


0.077 (3) 


0.060 (3) 


0.038 (2) 


0.008 (3) 


-0.008 (2) 


-0.003 (2) 


C22 


0.052 (3) 


0.073 (3) 


0.047 (3) 


0.009 (3) 


-0.014(2) 


-0.015 (2) 


C23 


0.055 (3) 


0.061 (3) 


0.040 (2) 


-0.007 (2) 


-0.001 (2) 


-0.008 (2) 


C24 


0.112(5) 


0.091 (4) 


0.059 (3) 


0.018(4) 


-0.021 (3) 


0.010(3) 



Geometric parameters (A, ") 



i\ 1 1 1 — yj i 


? 1 on a\ 

z. i yu yj ) 


PS HSR 
v o noD 


w.youu 


Jvlll vJH- 


9 1 ^ CX\ 
Z. 1 J J yj ) 


f o use 


0 0600 


1 yj 1 


Z. 1 / j yj) 


CQ 14Q A 


0 0600 


RV» 1 P 1 


7 111 (A\ 


rn T-TQT} 

i^y — iivd 


0 0600 


Rhi p? 

I\ 1 1 1 — wZ 


7 1 70 (A\ 
z. iz.y \h j 


ro l-ror 


0 0600 


I\ 1 1 1 V J 


7 1 06 (A\ 

Z. 1 UU 14 1 


no HlflA 


0 0600 


1 Pzl 


Z. 1 jj y\) 


C 1 D H1 fIR 
1 U — n 1 Ud 


0 0600 


RM p^ 


9 11^ (A\ 

Z.ljJ [H) 


^ i w — n i 


0 0600 


^ 1 ni 


1 ZLS9 fT.\ 


C'\'\ CM 

1 1 V^y 1Z 


1 .Jo4 f 


O 1 WZ 


1 447 (X\ 




1 177 (f\\ 


ol Uj 


1 4^7 


C 1 7 1-T1 7 
i z — n i z 


0 0100 


o 1 — V 1 1 


1 771 (A\ 


P1 7 P1 1 
v 1 z Ly 1 J 


1 171 ^6"l 
L.j / j yo) 


<s9 04 
oz — \JH- 


1 476 C1"> 


v.. i j — n i J 


0 0100 


oZ KJJ 


1 447 rf/Tl 


P1 1 P14 


1 TOT ^f."; 
1 JoZ I O 1 


P»£ 

OZ vJO 


1 417 (A\ 

1 .4JZ ^4 ) 


P14 P1 ^ 

Ly 1 4 1 J 


1 180 ('6'! 

i.joU yo) 


P1 8 


1 781 ("4^ 
1 . / o 1 ^4 ) 


PI 4 P1 7 
1^14 L.1 / 


1 ^07 ("6^ 


07 147 A 


U.OJ f 


PI S T-T1 ^ 


0 0100 


07 147R 


1 1 1 (R\ 


fK P1fi 


1 186 (^6^ 


s \ o T ior\ 

Oo — H8D 


0.77 (8) 


1 /" TT 1 /" 

C16 — H16 


0.9300 


08— H8E 


0.88 (6) 


C17— H17A 


0.9600 


CI— C2 


1.410(6) 


C17— H17B 


0.9600 


CI— C5 


1.439 (6) 


C17— H17C 


0.9600 


CI— C6 


1.498 (6) 


C18— C19 


1.382 (6) 


C2— C3 


1.431 (6) 


CI 8— C23 


1.377 (6) 


C2— C7 


1.501 (6) 


C19— H19 


0.9300 


C3— C4 


1.425 (6) 


CI 9— C20 


1.384 (6) 


C3— C8 


1.495 (6) 


C20— H20 


0.9300 


C4— C5 


1.422 (6) 


C20— C21 


1.387 (7) 


C4— C9 


1.506 (6) 


C21— C22 


1.377 (7) 


C5— C10 


1.501 (6) 


C21— C24 


1.523 (6) 


C6— H6A 


0.9600 


C22— H22 


0.9300 


C6— H6B 


0.9600 


C22— C23 


1.394 (6) 


C6— H6C 


0.9600 


C23— H23 


0.9300 


C7— H7C 


0.9600 


C24— H24A 


0.9600 


C7— H7D 


0.9600 


C24— H24B 


0.9600 


C7— H7E 


0.9600 


C24— H24C 


0.9600 


C8— H8A 


0.9600 
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OA — Rhl — 01 


O A 7 C / 1 1 \ 

80.25 (11) 


CI — C6 — H6B 


109.5 


Z~\ A T> 1 1 /"\ 1 

04 — Rhl — 07 


Oz" z'z" / 1 C\ 

86.66 (15) 


CI — C6 — H6C 


1 A A C 

109.5 


Tl 1 1 f~\ 1 

07 — Rhl — Ol 


87.57 (13) 


H6A — C6 — H6B 


1 AA C 

109.5 


f • i Ti 1 1 z"\ 1 

CI — Rhl — Ol 


156.42 (15) 


H6A — C6 — H6C 


109.5 


CI — Rhl — 04 


1 Z"l Z" ^1 C / 1 /l\ 

106.75 (14) 


H6B — C6 — H6C 


109.5 


CI — Rhl — 07 


11 /I A "> / 1 \ 

1 14.93 (17) 


C2 — C7 — H7C 


109.5 


f • i Tl 1 1 Z" 1 7 

CI — Rhl — C2 


38.81 (17) 


C2 — C7 — H7D 


109.5 


CI — Rhl — C4 


65.50 (17) 


C2 — C7 — H7E 


109.5 


CI — Rhl — C5 


39.60 (17) 


H7C — C7 — H7D 


109.5 


C2 — Rhl — 01 


1/11 A f / A C\ 

141.46 (15) 


H7C — C7 — H7E 


109.5 


f • 7 T\ 1 1 /"\ A 

C2 — Rhl — 04 


100 A/" /1C\ 

138.06 (15) 


TT7r\ f^^t i nr 

H7D — C7 — H7E 


109.5 


Z""" 7 T> 1 i /"\ — t 

C2 — Rhl — 07 


r\f\ a o / 1 /'X 

90.48 (16) 


x~l -7 /-^i o TTO A 

C3 — C8 — H8A 


109.5 


C2 — Rhl — C4 


65.18 (17) 


C3 — C8 — H8B 


109.5 


C2 — Rhl — C5 


65.60 (17) 


C3 — C8 — H8C 


109.5 


C3 — Rhl — Ol 


103.66 (15) 


TTO A /"i f ) tjoji 

H8A — C8 — H8B 


109.5 


f ' 7 T» 1 1 z' \ A 

C3 — Rhl — 04 


1TA /II /1C\ 

170.43 (15) 


TTO A /"i o tto/^ 

H8A — C8 — H8C 


109.5 


C3 — Rhl — 07 


102.12 (16) 


[Tl) j-x /-i o T IOC 

H8B — C8 — H8C 


109.5 


f ' 7 T» 1 1 /""I 1 

C3 — Rhl — CI 


66.24 (16) 


1 A /-Ifl TTfl * 

C4 — C9 — H9A 


109.5 


f • 7 T\ 1 1 /~17 

C3 — Rhl — C2 


39.49 (16) 


C4 — C9 — H9B 


109.5 


/- • ~> ni 1 z~< /i 

C3 — Rhl — C4 


on o "7 / 1 /^\ 

39.27 (16) 


C4 — C9 — H9C 


1 AA C 

109.5 


C3 — Rhl — C5 


66.26 (16) 


H9A — C9 — H9B 


109.5 


f ' A T» 1 1 Z~\ 1 

C4 — Rhl — Ol 


92.95 (14) 


TTfl * f ' (\ TTflfl 

H9A — C9 — H9C 


109.5 


f ' A T» 1 1 Z~"\ A 

C4 — Rhl — 04 


132.68 (17) 


I TA T"> f ' (\ TTflf 

H9B — C9 — H9C 


109.5 


C4 — Rhl — 07 


■\ A f\ 1 O / 1 H\ 

140.18 (17) 


f ^ r fii a TT1AA 

C5 — CIO — HI OA 


1 AA C 

109.5 


C4 — Rhl — C5 


38.89 (17) 


C5 — CIO — HI OB 


109.5 


/~\ r T> 1 1 z~\ 1 

C5 — Rhl — Ol 


117.19 (16) 


/"~- r /— 1 1 a T T 1 ( \ l~ ^ 

C5 — C10 — H10C 


109.5 


C5 — Rhl — 04 


104.17 (15) 


T T 1 A A f ^ 1 A T T 1 A 1~* 

HI OA — CIO — H10B 


109.5 


C5 — Rhl — 07 


1 C /I A "7 / 1 n\ 

154.07 (17) 


TT1AA fi 1 A tt i Ofi 

HI OA — C10 — H10C 


1 A A C 

109.5 


Z"V 1 fl 1 /~\ 1 1 

Ol — SI — Cll 


i s\ /— /~ r /io\ 

105.65 (18) 


T T 1 ATI /- 1 rt T T 1 A /"I 

H 1 OB — C 1 0 — H IOC 


109.5 


02 — SI — Ol 


1 1 1 .4 (2) 


1 ^ /" 11 o 1 

C12 — Cll — SI 


1 1 O A /") \ 

118.9 (3) 


Oz — M — (J 3 


112.5 (2) 


s ' i /_ pi i C1 


121.6 (3) 


02 — SI — Cll 


107.48 (19) 


C16 — Cll — C12 


1 1 A A / A \ 

119.4 (4) 


03 — SI — Ol 


1 1 1 ") "7 / 1 -7 \ 

112.37 (17) 


Cll — C12 — H12 


120.0 


z~\7 O 1 /" 1 -i 

03 — SI — Cll 


107.0 (2) 


C13 — C12 — Cll 


120.0 (4) 


04 — S2 — CI 8 


103.32 (18) 


pn ttio 

C13 — C12 — H12 


120.0 


05 — S2 — 04 


111.2 (2) 


f 1 -1 ^ /" ' 1 ^> TT1 7 

C12 — C13 — H13 


119.1 


Z"\ C Ci 7 /" i \ o 

05 — S2 — C 1 8 


107.2 (2) 


1 ^ /- < 1 t /-~< 1 /I 

C12 — C13 — C14 


17 1 O / A \ 

121.8 (4) 


06 — S2 — 04 


112.6 (2) 


Z" 1 1 /I Z" 1 T TT1 7 

C14 — C13 — H13 


119.1 


06 — S2 — 05 


114.5 (2) 


/—ill / < I J c 1 -7 

Cl3 — Cl4 — Cl7 


171 r\ /c\ 

121.9 (5) 


Z"\ /" Ci 7 /" < 1 o 

06 — S2 — CI 8 


1 AH 1 /^l \ 

107.1 (2) 


C15 — C14 — C13 


1 1 T 7 / /I \ 

117.2 (4) 


SI — Ol — Rhl 


134.78 (17) 


Z"1 1 ^ /" ^ 1 A f ' 1 n 

Cl5 — Cl4 — Cl7 


1 7 A A / ^\ 

120.9 (5) 


ci r\A Til. 1 

Sz — 04 — Rhl 


133.72 (19) 


^ a pic [ti r 

C14 — C15 — HI 5 


1 1 A A 

119.0 


Rhl— 07— H7A 


89 (4) 


C14— CI 5— CI 6 


122.0(4) 


Rhl— 07— H7B 


102 (4) 


C16— C15— H15 


119.0 


H7A— 07— H7B 


102 (5) 


Cll— C16— C15 


119.5 (4) 


H8D— 08— H8E 


101 (6) 


Cll— C16— H16 


120.3 


C2— CI— Rhl 


71.2 (2) 


C15— C16— H16 


120.3 


C2— CI— C5 


108.4 (4) 


C14— C17— H17A 


109.5 
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C2 — CI — Co 


125.4 (5) 


C5 — CI — Kill 


71.0 (2) 


C5 — CI — Co 


126.1 (5) 


r • s pi Til. 1 

Co — CI — Knl 


127.0 (3) 


CI — Cz — Kill 


TA A /1\ 

70.0 (2) 


CI — C2 — C3 


1 AO C / A \ 

108.5 (4) 


CI — C2 — C7 


126.0 (5) 


/■"•"> z' 1 -> Til- 1 

C3 — Cz — Kill 


ZTA A ZO\ 

69.4 (2) 


C3 — Cz — C / 


125.4 (5) 


C • -1 {~ Til* 1 

C7 — Cz — Khl 


125.3 (3) 


s /~i -) TIL 1 

Cz — C3 — Kill 


71.1 (2) 


C2 — C3 — C8 


125.9 (5) 


C4 — C 3 — Kh 1 


*71 c /'■^ 

71.5 (2) 


C4 — C3 — C2 


1 AT 1 

107.1 (4) 


C4 — C3 — C8 


127.0 (5) 


/-in /" < ~) Til. 1 

Co — C3 — Kill 


125.0 (3) 


"> p /] Til. 1 

C3 — C4 — Knl 


ZTA "5 /1\ 

69.3 (2) 


C3 — C4 — C9 


125.5 (5) 


C5 — C4 — KM 


70.6 (2) 


C5 — C4 — C3 


1 AA A //I \ 

109.0 (4) 


cz ca nn 

cd — C4 — C9 


1/5.4 (5) 


C9 — C4 — Knl 


lid A /"> \ 

124.9 (3) 


f • i /" < Ti 1 1 

CI — C5 — Khl 


69.4 (2) 


CI— C5— CIO 


127.6 (5) 


C4— C5— Khl 


70.6 (2) 


C4— C5— CI 


106.9 (4) 


C4— C5— CIO 


125.5 (5) 


CIO— C5— Khl 


127.2 (3) 


CI— C6— H6A 


109.5 



/- ■> i a p i ~i T T 1 TPl 

C14 — C17 — H17B 


109.5 


C14 — C17 — H17C 


109.5 


tti n a f ' -1 *7 T T 1 "7 

H17A — C17 — H17B 


1 AA C 

109.5 


T T 1 *7 A 1^ Til ^ /"I 

H17A — C17 — H17C 


109.5 


H 1 7B — C 1 7 — H 1 7C 


109.5 


C19 — C18 — S2 


120.2 (3) 


C23 — CI 8 — S2 


1 1 A A / A\ 

1 19.9 (4) 


C23 — CI 8 — C19 


1 1 A A / A \ 

119.9 (4) 


p -i o /" " 1 A T T 1 A 

Cl8 — C19 — H19 


120.0 


CI 8 — C19 — C20 


120.0 (4) 


r^<~\ f\ p 1 (\ TT1 A 

C20 — C19 — HI 9 


1 ^A A 

120.0 


Z" 1 1 A A TT1A 

C19 — C20 — H20 


119.4 


C 1 9 — C20 — C2 1 


121.1 (5) 


C21 — C20 — H20 


1 1 A A 

119.4 


C20 — C2 1 — C24 


121.2 (5) 


C22 — C2 1 — C20 


1 i -7 a / A \ 

117.9 (4) 


C22 — C2 1 — C24 


120.9 (5) 


C2 1 — C22 — H22 


119.1 


C21 — C22 — C23 


121.8 (4) 


C23 — C22 — H22 


1 19. 1 


C 1 8 — C23 — C22 


1 1 A 1 / /I \ 

119.2 (4) 


CI 8 — C23 — H23 


120.4 


C22 — C23 — H23 


120.4 


C21— C24— H24A 


109.5 


C21— C24— H24B 


109.5 


C21— C24— H24C 


109.5 


H24A— C24— H24B 


109.5 


H24A— C24— H24C 


109.5 


H24B— C24— H24C 


109.5 



Hydrogen-bond geometry (A, ") 



D—U-A 




D — H 


H-A 


D-A 


D— H-A 


07— WA- 


08 


0.85 (5) 


1.99 (6) 


2.608 (6) 


128 (5) 


07— H75- 


03 


1.11(8) 


1.64 (8) 


2.647 (5) 


147 (7) 


08— H8D- 


■02' 


0.77 (8) 


2.06 (8) 


2.807 (6) 


162 (8) 


08— H8£" 


05 


0.88 (6) 


1.91 (6) 


2.766 (7) 


162 (6) 



Symmetry code: (i) -x+3/2, -y+3/2, z-1/2. 
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